Derivation of Equation (1) and (2)
For the two cases of a spherical solid particle migrating from one liquid phase to another (case I, Figure 3a) and a liquid droplet spreading on a solid substrate (case II, Figure 3c ) in the same liquid, the total surface free energy of both systems can be interpreted as the sum of the three surface free energy terms: [1, 2] ( ) where is the apparent contact area, is a coefficient that characterizes the solid-surface roughness. By definition it imposes but not necessarily should be identical for the two cases. is the interfacial tension. The subscripts 12, 1 and 2 denoting the liquid 1-liquid 2 interface, the liquid 1-solid interface, and the liquid 2-solid interface, respectively. By doing so, assumptions are made that the contribution of gravity (and buoyancy) is insignificant and the two liquids are both Newtonian fluids, under which elastic energy is absent. [2, 3] When the height of the spherical cap of the two cases is , the surface area of the curved spherical caps and their bases are and , respectively. Then the total surface free energy of case I and case II can be written as follows:
where denotes the contact area of the liquid 1-liquid 2 interface of case I when and denotes the liquid 2-solid interface of case II also when , respectively. For case I, is the radius of the particle which remains a constant as varies. But for case II, is the radius of the spherical cap which is a function of and is the radius of the liquid metal droplet before contacting ( ). And for both cases, is the radius of the base of the spherical caps. By introducing the geometrical constrains ( ) for both cases and ⁄ ( ) ⁄ (incompressibility) for case II, Equations (S2a) and (S2b) then become:
Then we introduce the dimensionless quantities as follows:
Further dividing Equation (S3a) and (S3b) by produces: 
in which case and .
